This article studies the effects of speculation in a thinly-traded commodity futures market paying particular attention to periods characterized by high speculative activity of long-short speculators. Using the speculation ratio as a daily measure for long-short speculation, we employ GARCHregressions to study its impact on return dynamics. Our results for the CME feeder cattle futures market suggest that future returns are predominantly explained by fundamentals, but their volatility is significantly driven by the speculation ratio. This relationship holds for periods of high and low speculative activity alike.
Introduction
The surge of commodity prices throughout the 2000s has been subject to debate both in the scientific literature and the general public. A number of public commentators have identified increasing investments in commodity futures by various financial institutions as the cause of the price hikes. Most prominently, the so-called Masters (2008) hypothesis asserts that in particular longonly positions by commodity index funds are to blame for driving up commodity prices throughout this period of time. The debate on the validity of the Masters hypothesis, however, seems mostly settled with numerous studies e.g.
by Sanders, Irwin, and Merrin (2010) , Irwin and Sanders (2012) , Büyükşahin and Harris (2011) or Brunetti, Büyükşahin, and Harris (2016) rejecting the hypothesis' central claim.
Yet, comparatively little attention has been paid to the role of traditional long-short speculators. Büyükşahin and Harris (2011) and Alquist and Gervais (2013) use data from the Commodity Futures Trading Commission (CFTC) on trader positions and conduct Granger-tests to examine whether changes in the net long positions of non-commercial traders lead prices in the crude oil market.
Neither of the two studies find evidence for such a relationship. Manera, Nicolini, and Vignati (2013a) also use CFTC data on trader positions, but consider various energy and agricultural commodity markets and measure speculation using Working's (1960) T index. The authors study the effects of speculation on returns in a DCC-GARCH framework and find speculation to either have an insignificant or significantly negative effect on returns across different markets. Similar findings are obtained by Manera, Nicolini, and Vignati (2016) . Based on CFTC data and different GARCH approaches, the authors find that if significant, speculation has stabilizing, i.e. volatility-reducing, effects in four energy markets.
Some early evidence in favor of the notion that long-short speculators significantly impact the return dynamics of commodity markets is obtained by Streeter and Tomek (1992) . Using the speculation ratio, which relates trading volume to open interest, the authors study the return dynamics of the soybean futures market. They find a positive relationship between the speculation ratio and volatility. Also more recent studies using the speculation ratio among other measures of speculative activity based on weekly CFTC data, e.g. Working's T or the net long position of speculative traders, conclude that speculation can exert destabilizing effects on the return dynamics of commodity markets. Robles, Torero, and von Braun (2009) demonstrate how various speculation measures can help forecast prices in the 2000s in the markets for wheat, corn, soybeans and rice. Du, Yu, and Hayes (2011) use a stochastic volatility model to study how speculation as measured by Working's T influences volatility in the crude oil market and how this market is connected to the markets for corn and wheat.
The authors find that speculation significantly increases the volatility of the crude oil price and that volatility spillovers to the markets for corn and wheat have increased as of 2006. Manera, Nicolini, and Vignati (2013b) use a variety of GARCH regressions to study the effects and interplay of various measures of speculative activity.
They find a positive relationship for a number of these speculation measures and the volatility of returns in numerous agricultural and energy commodity futures markets. Lastly, Etienne, Irwin, and Garcia (2015) study how speculation explains the occurrence of periods characterized by explosive prices. They find that increases in the positions of non-commercial traders significantly increase the probability for the occurrence of positive price bubbles and significantly decrease the probability for negative price bubbles events.
Our investigation extends earlier work in three ways: First, unlike most studies, the effects of long-short speculation are analyzed using daily data. As neither scalpers nor day-traders hold positions for more than a few hours, daily observations promise to capture the effects of long-short speculation more accurately than lower frequency data. When measuring speculation we rely on the speculation ratio which has formally been proposed by Garcia, Leuthold, and Zapata (1986) . The speculation ratio links trading volume to the amount of open positions in the market, an idea dating at least back to Peck (1981) . The reasoning for using the speculation ratio as a measure for speculative activity is that long-short speculators, as opposed to hedgers, will prefer to hold their positions for relatively short periods of time. Long-short speculators such as day-traders take intraday positions based on expectations of how prices will move over the next minutes or hours, while scalpers open and close positions even almost instantaneously. Naturally, the profit margins of such trades are very small, which is why these traders must trade relatively large volumes to be profitable. In the process they provide liquidity and immediacy to the market, which is why such traders are said to make markets (e.g. Büyükşahin and Harris 2011; Du, Yu, and Hayes 2011). Second, this article identifies time periods characterized by high levels of long-short speculation in order to particularly study market conditions under which one would expect to observe the most powerful effects of long-short speculation. The reason for this is that hedgers typically react more strongly to changes in fundamentals than speculators do. Consequently, increases in the relative market dominance of speculators will add to the risk of prices moving away from their fundamental level and fuel bubbles instead. To single out such time periods a Markov-switching approach (Hamilton 1989 ) is adopted.
Third, we focus on a rather illiquid market. Again, the idea is that speculators' impact should be greater if the number of hedgers is small and if the underlying commodity is non-storable. In this case commercial traders cannot adjust inventories to cushion against undesirable price movements. While the majority of research is focused on relatively large commodity futures markets with several hundred thousand open positions at the end of each trading day, this article considers the effects of speculation in the market for CME feeder cattle. This market is arguably the least liquid agricultural commodity market included in the CFTC's Supplemental Commitment of Traders (SCOT) reports.
Moreover, livestock can unlike other commodities generally not be stored.
If despite these conditions classical long-short speculation does not significantly drive returns or volatility in this market, speculators are unlikely to influence return dynamics in more favorable market environments. In difference, if speculation is found to positively affect the market's return dynamics, regulators should be alert for allowing such unfavorable market conditions to develop. Lastly, should speculation exhibit negative, i.e. stabilizing, effects on returns and volatility, regulators should refrain from reining in speculative trading. Our results show that returns are predominantly driven by fundamentals, while the speculation ratio does exert economically and statistically significant effects on volatility. This effect is independent from the overall level of longshort speculation in the market.
The remainder of this article is structured as follows: First, we explain the econometric methodology, then the data of our analysis. Thereafter, the subsequent sections present the key results of this article and discuss several robustness exercises, after which we conclude.
Econometric Methodology
Our methodology comprises a two-step approach. First, weekly CFTC data is used to employ a Markov-switching model (Hamilton 1989 ) in order to determine periods of increased activity of long-short speculators. Second, daily data is used to assess the effects of long-short speculation on returns and volatility by employing a generalized autoregressive heteroscedasticity (GARCH) model (Bollerslev 1986 ) while incorporating the results of the first step in the form of a time dummy. This allows studying the impact of increased long-short speculation on future return dynamics.
Regimes of high long-short speculation are determined based on a constantonly Markov-switching regression model. A measure S t of speculation in week t can therefore be in either of two states, namely high or low. The two states are unobservable and follow a Markov process. Hence, S t can be described by the model:
where µ st resembles the state-dependent intercept term and ε t denotes random disturbances. If week t is characterized by high speculative activity, then
The dynamic regression model (1) allows in opposition to autoregressive models for quick changes in the level of S t . Equation (1) is estimated using a quasi-Newton algorithm within a standard maximum-likelihood routine. Based on the estimation results we compute for each week the one-step ahead prediction for the probability of being in the state of increased speculative activity.
After that, a daily regime dummy D t is defined equal to one if in that week the predicted probability of being in the high speculation state exceeds the sample mean probability of being in this state. Otherwise the dummy is set to zero.
Given the regime dummy, the effects of long-short speculation on returns and volatility are examined using daily data and the following GARCH(1,1) model:
where r t denotes returns and σ 2 t their conditional variance. Returns are explained by previous period returns r t−1 , and a number of explanatory regressors. These consist of a set of macroeconomic controls contained in X i,t , the lagged speculation ratio R t−1 to proxy for speculative activity, the lagged regime dummy D t−1 and an interaction term I t−1 = R t−1 · D t−1 . Lagged terms are used to avoid an endogeneity problem due to simultaneity. Lastly, ε t denotes random disturbances.
Our analysis includes as macroeconomic controls the oil price, the risk-less interest rate, the exchange rate and a stock return index. Rising oil prices will typically increase the production and transportation costs of a large variety of physical goods including agricultural commodities and thus curb their supply.
Similarly, increases in a broad variety of stock returns will generally be reflective of economic booms which in turn are likely to boost the demand for commodities. Therefore, we expect the existence of a positive relationship between these two determinants and the future return of feeder cattle. Increases in the risk-less rate will increase producers' opportunity costs of holding inventories and thus likely be inversely related to the return of the commodity. This effect is, however, presumably lower for feeder cattle than for other commodities, as feeder cattle cannot be stored in the same way as other commodities. The exchange rate is also likely to have an inverse relationship with the concerned future contract, as an appreciation of the dollar exchange rate will cause a depreciation of the dollar denominated contract price. Empirical evidence for the inverse relationship between exchange and interest rates and the prices of food and other commodities is e.g. given by Akram (2009) and Chen et al. (2014) . the GARCH-effect is described by γ 2 , which measures how persistent shocks to the conditional variance are over time. For the returns process to be stationary in variance it must hold that γ 1 + γ 2 < 1.
As this article seeks to study the effects of long-short speculators on returns and volatility, we are particularly interested in the six parameters associated with the speculation ratio R t−1 , the speculation regime dummy D t−1 and the interaction term I t−1 . The interpretation of β 5 and δ 5 is straightforward. If positive, speculation exerts destabilizing effects by increasing returns respectively volatility. If negative, it decreases the two and acts stabilizing.
In opposition to the Masters hypothesis, the latter has been the main finding for the role of commodity index funds. This is in line with classical theory concerning the impact of speculation. The key argument for why speculators will exert stabilizing effects is that they are seen as arbitrageurs who buy when prices are below their fundamental value and sell if prices are above it. Otherwise, if speculators bought when prices are high or sold when prices are low, they would on average lose money and eventually exit the market (Friedman 1953) . Even if noise traders (Kyle 1985; Black 1986 ), i.e. traders who respond to signals other than fundamentals, are present in the market, their impacts would always be offset by aggressive arbitrage trading from rational speculators (Fama 1965) . However, as demonstrated by De Long et al. (1990a) and De Long et al. (1990b) , the actions of noise traders need not always be perfectly balanced by opposing trades from sophisticated arbitrageurs, either because the latter are risk-averse or because they intend to profit from the actions of positive feedback traders. In theses cases, speculation bears the potential for considerably destabilizing prices and fueling bubbles.
Parameters β 6 and δ 6 respectively β 7 and δ 7 capture non-linear effects of speculation on the stability of prices. In the spirit of De Long et al. (1990a) and De Long et al. (1990b) , significant estimates for these parameters would entail that sophisticated investors' risk-aversion and trading strategy depends on the level of noise-traders in the market. Parameters β 6 and δ 6 shift the constants in the two equations of the model. A positive value of β 6 suggests that returns are generally higher in periods of high speculative activity, while a positive value of δ 6 would suggest that the volatility is elevated in these periods.
Parameters β 7 and δ 7 alter the slope of the mean and variance equation with respect to the speculation ratio. Positive values of β 7 and δ 7 indicate that the effects of an increase in the speculation ratio are amplified by the activities of long-short speculators, while negative values of β 7 and δ 7 suggest that price or volatility increasing effects of long-short speculation are reduced during periods of increased speculative activity.
Data
The CFTC issues a series of reports on trading positions of different trader The case of non-reporting traders is, however, less clear. On the one hand, non-reported positions typically comprise those of traders that are too small to exceed the CFTC's reporting levels. These traders are presumably mainly hedgers. On the other hand, Irwin and Sanders (2012) note that traders have incentives not to be classified as speculative traders which is why a substantial fraction of non-reported positions could also stem from speculators. 3 Therefore, the presence of speculators is presumably rather high in this market. Third, feeder cattle is non-storable, which reduces the ability of commercial traders to cushion adverse price developments with inventory adjustments. Given this set of market characteristics, the effects of speculation should be particularly strong in the market for feeder cattle futures. Thus, we select the market for CME feeder cattle futures for our analysis.
[ Table 1 about here.]
As explained above, in order to determine high speculation regimes, one must first compute an observable measure S t for the level speculative activity in week t. Obviously, this calculation hinges on the question of which trader type actually engages in speculative activity as opposed to who engages in hedging.
While the case is fairly straightforward for the positions of commercial and non-commercial traders, the literature has proposed several ways of how to allocate non-reported positions to the speculative and hedging kind. Rutledge These high values for the share of speculators among non-reporting traders are, however, presumably too high for the feeder cattle market. As noted by the CME Group (2017) the US cattle farming and feedlot industry is characterized by a large number of small and often family-owned operations. Consequently, the overwhelming majority of producers in this market will fall below the CFTC's reporting levels resulting in a large number of hedgers among nonreporting traders. Therefore, we assume that only 20 percent of non-reported positions stem from speculative activity, while the remaining 80 percent is assumed to stem from hedging. Hence, S t is defined as:
Long and short positions of non-commercial speculators are denoted N CS t and N CL t , respectively. Analogously, the positions of non-reporting traders are denoted N RL t and N RS t . Lastly, M OI t resembles market open interest in week t, while α = 1/5 for the baseline regressions.
Given S t , we follow the procedure outlined in the methodology section to obtain the daily regime dummy D t . This yields a total of 19 different high speculation regimes, which last eleven weeks on average. The shortest of these regimes last only a single week, while the longest of them last half a year. Figure 1 displays the time series of the speculation measure S t and the resulting high speculation regimes, which are indicated by shaded backgrounds.
[ Figure 1 
The speculation ratio has been proposed by Garcia, Leuthold, and Zapata (1986) as a measure for speculative activity. The idea behind measuring speculative ac- [ Table 2 about here.]
The test results reveal that the logarithms of prices and the macroeconomic control variables are generally not stationary. To induce stationarity this article considers the log-returns (in percent) of these variables, e.g. futures returns are defined as r t = (ln(F t ) − ln(F t−1 )) · 100, where F t denotes the level futures price.
Results
Columns (1) and (2) [ Table 3 about here.]
Regarding the effects on volatility, we find that neither crude oil nor the MSCI returns have a statistically significant effect. Instead, the T-bill and the exchange rate both have a significantly negative impact on volatility. Concerning the ARCH and GARCH terms, significantly positive estimates are obtained for both coefficients γ 1 and γ 2 . While the former is in both specifications small and close to zero, the latter is rather high and close to unity suggesting that shocks to volatility die out relatively slowly. The variance stationarity constraint is met in both specifications.
Turning to the regressors pertaining to speculation, we observe that none of them is statistically significant on conventional levels in the mean equation.
Nonetheless, it is worth noting that the negative coefficient estimate for the speculation ratio becomes less negative with the introduction of the interaction term. The coefficient estimate for the speculation ratio in the variance equation is strongly positive and highly significant. This suggests that increases in the speculation ratio are the main driver of daily volatility in the market for feeder cattle futures. This finding persists when also the regime dummy and the interaction term are included in the regression, of which neither is statistically significant.
Our results imply that speculation does contribute to greater uncertainty in the market regarding short term return developments in the form of volatility clusters. This is in line with earlier findings of Streeter and Tomek (1992) , Robles, Torero, and von Braun (2009) and Manera, Nicolini, and Vignati (2013b) who also find that the speculation ratio is a driver of volatility. However, as implied by the insignificant estimates for the speculation parameters in the mean equation, these effects are confined to the short term beyond which speculators do not appear to alter return dynamics. This key result is closely related to the findings of earlier studies treating the Masters hypothesis, e.g. Sanders, Irwin, and Merrin (2010) , Brunetti, Büyükşahin, and Harris (2016) or Etienne, Irwin, and Garcia (2015) . As with commodity index traders, long-short speculators do not appear to fuel price bubbles and permanently drive prices away from their fundamental value, lending support to the concept of stabilizing speculation developed by Friedman (1953) and Fama (1965) .
It should nonetheless be noted that the speculation ratio is not a direct measure of speculation but relates trading volume to open interest as an indication for the presence of speculators in the market. Hence, increases in the speculation ratio need not be reflective of more speculative activity, but could also resemble increases in the trading volume due to increased information flows in the market. In that case of our results would fall in line with the mixture of distributions hypothesis as put forward by Clark (1973) , Epps and Epps (1976) and Tauchen and Pitts (1983) .
Robustness analysis
In this section, the robustness of the previous results is examined in three dimensions. In particular, this section discusses several alternatives for constructing the regime dummy for periods of high or low speculative activity by longshort speculators. First, the robustness of our results is explored with respect to the minimum length of any high or low level speculation regime. Second, as mentioned in the methodology section, determining the speculative activity by long-short speculators or any other trader type hinges on the question of how to deal with the positions of non-reporting traders. Therefore, this section experiments with different assumptions regarding such positions. Third, we explore how our results change depending on the use of alternative measures of speculative activity by long-short speculators.
As explained above, the way in which the regime dummy was constructed implied a number of very short regimes, some lasting only for a single week. Now, the construction of the dummy is changed by imposing a minimum length restriction on both types of regimes. In particular, we require that any regime, regardless of high or low speculative activity, lasts for at least five weeks. Hence, regimes shorter than one month are ruled out. Figure 2 demonstrates the results of this restriction graphically. If regimes are required to last at least five weeks, a total of 13 high-speculation regimes is obtained in contrast to the initial 19.
Instead of eleven weeks, these regimes now last 16 weeks on average.
[ Lastly, we consider alternatives in constructing the regime dummy with respect to the underlying measure of speculative activity. As explained in the methodology section, the baseline regression built upon a dummy that had been constructed from the total open interest share that speculators take in the market. The literature has, however, employed a number of alternative measures when assessing speculative activity using the trader positions data from the CFTC. The most common of these is Working's T index of speculative ac-tivity. Let S W T t denote Working's T, then using the same notation as above, the index is defined as
where SL t , SS t , HL t and HS t represent the long and short positions of speculators and hedgers, respectively. These are given by
and
The logic underlying this index is that any trade by a hedger requires a trade in the opposite direction by a speculator. If hedgers would on average like to take a short position, i.e. HS t ≥ HL t , then there must be a sufficient amount of speculators taking a long position to clear the market. If, however, a large number of speculators takes a short position, SS t , this might be seen as indication for "excessive speculation". Depending on the size of this speculative pressure, Working's T moves further and further away from its lower bound of unity.
Other measures of speculative activity, which have e.g. been used in Manera, Nicolini, and Vignati (2013b, 2016) are the long-only, the short-only, and the net-long share of speculators. We denote these three shares by S 
For each of these alternative speculation measures the regime dummy series of high speculation regimes is computed as above and the main regression is repeated accordingly. The results of these regressions are displayed in table 4.
[ Table 4 about here.]
Comparing the results for these alternative speculation measures with those of the baseline regression, we again find that the results are highly consistent across the different measures in both their economic and statistical interpretation.
To sum up, this article has explored how the speculation ratio affects the return dynamics in a market environment that is particularly prone to suffer from detrimental effects due to speculation, i.e. a thinly-traded commodity market with a non-storable underlying commodity during periods of increased speculative activity. To check the robustness of our results, we have explored a number of different ways as to how to construct the regime dummy for periods of high speculation. These comprised different regime lengths, different assumptions regarding non-reported positions and a variety of alternative speculation measures. Our key finding that the speculation ratio is an important driver of volatility but does not affect the level of returns and is independent from the speculation regime has proven robust across all of these different specifications.
Conclusion
This article has examined how long short-speculation affects the return dynamics in a market environment where one would expect these effects to be particularly strong, i.e. when trading volume is low, the amount of speculators is high and inventories are expensive to hold. The analysis focused on the market for CME feeder cattle futures market. This market is one of the most illiquid markets included in the CFTC SCOT reports. It features by far the highest amount of non-reporting traders and is in addition to that characterized by a non-storable underlying. Within this market setting, a Markov-switching approach is used to single out periods characterized by high by high speculative activity of long-short speculators.
The results of the mean equation in the GARCH analysis reveal that speculation as measured by the speculation ratio does not significantly impact returns, while the variance equation suggests that speculation does influence volatility. The parameters of the dummy variable for periods characterized by high speculative activity are generally not significant, neither is the interaction term between the regime dummy and the speculation ratio. This implies that speculation does not arbitrarily drive returns away from levels implied by fundamentals, not even during high speculation regimes. In particular, the results do no support the idea of speculation inflating prices permanently in the form of price bubbles. Only with respect to the short term, the results support the notion that speculation impacts returns by increasing their volatility. But as the activity of long-short speculators was measured using the speculation ratio, these results can also be interpreted as a sign for increased volatility due to increased information flows that manifest themselves in higher trading volume.
While previous research largely rebutted the Masters hypothesis and found no evidence as to why commodity index traders are to blame for price hikes in commodity markets, this article reaches a similar conclusion for the case of classical long-short speculators. Most notably, this article does so for a market environment where one would expect the strongest effects of speculation.
Consequently, it seems unlikely that long-short speculation would destabilize prices in more liquid markets with lower levels of speculation. 
